Abstract-Shunt active power filters are devices connected in parallel with nonlinear and reactive loads which are in charge of compensating these characteristics in order to assure the quality of the distribution network. This work analyzes the dynamics of boost-convertelr used as an active filter and proposes a control system which guarantees closed-loop performance (power factor close to 1 and current harmonics compensation). Proposed controller is hierarchically decomposed in two control loops, one in charge of shaping the current and the other in charge of assuring the power balance. Differently from other works both control loops are analytically tuned.
I. INTRODUCTION
Active filters are devices which allow to coexist nonlinear loads and good energy quality in distribution networks. A principal effort in the design and control of these devices has been developed in the past years. One research line deals with topologies and architectures [1] , [2] , several types of topologies have been proposed including parallel (shunt active filters), serial connections and hybrid serial-parallel connections. Besides the architecture, the behaviour principle has also been a research topic: passive, active (using switching converters) and mixed passive-active devices have been proposed. Additionally, converter based active filters may be based on a voltage or a current bus [3] . Most used active filters are connected in parallel and correspond to active components based on a voltage bus, although a passive serial connected filter is usually added to compensate switching noise.
Another important research line related with active filters is their control, many approaches have been proposed [4] , [5] , [6] , [7] , [8] , [9] , [10] . Most of the proposed control schemes are based on two hierarchical control loops, an inner one in charge of assuring the desired current and an outer one in charge of determining the required sinusoidal shape as well as the appropriate power balance and converter operation point. The current control loop needs to be fast and precise in order to assure the desired energy flow quality. Several approaches have been proposed hysteresis based control [If] [12] [13] , deadbeat controllers [14] , Park transformation combined with linear controllers [1 5] [18] , [19] , neural networks [14] or Fourier series analysis [13] ; using Lyapunov Functions [20] , or using a PI controller to determine the amplitude of the network sinusoidal current. Using a PI controller is the most common approach by far but, since the plant is nonlinear, this PI controller is usually experimentally tuned.
This work presents a new controller for a single-phase shunt active filter that uses the traditional two control loops decomposition. In our work the current controller is composed by a feedforward action in charge of assuring very fast transient response and a feedback control law in charge of assuring closed-loop stability and very good harmonic performance. The feedback control law is based on the use of a repetitive odd-harmonic controller [21] . The outer control law is based on the exact computation of the sinusoidal current network amplitude; in order to improve robustness this computation is combined with a feedback control law with a PI controller. One of the contributions of this paper is the analytical tuning of the PI, which is unusual. The complete system results in a simple control law which offers very good results, both in transient and steady-state behavior. 
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It is important to note that the state feedback together with the change of variables results in a state and input diffeomorphism so the linearization is complete and formally correct [22] . In addition, eq. (7) is linear too.
This new system (5)- (7) needs a controller to fulfill the desired performance. This controller will be defined using a two step approach, first of all a current controller which forces the sine wave shape, afterwards the sine wave amplitude will be defined by an outer control loop to fulfill the appropriate active power balance for the whole system. This balance is achieved if the energy 3 stored in the active filter capacitors, EC, is equal to a reference value, Ed, The full control scheme for the system is depicted in Fig. 2 [23] , [21] .
This control technique allows to obtain perfect steadystate tracking/rejection of a certain periodic signal and all its odd-harmonics. The complete control action is obtained by adding both control actions. Ulnder this control action the output is the desired one also in the case of uncertainties and disturbances.
Hence As the source voltage is assumed to be vr, 17 2 sin (w0t) the desired network current is Id sin (Wrt), with Id locally constant. As a consequence the desired power flow seen from the net is: pn (t) -in(t) Id 21Vn sin2 ( nt) (9) Additionally, the active filter goal is not consuming power so ideally the following relationship is desired: Pn (t) = Id 2Vr sin (Wnt) r Vnil -Pi(t) + Pf(t) (10) where pl (t) and pf (t) are the instantaneous power of the load and the filter, respectively. However nominal dc resistor is P = 4.56 kW and its reactive power is approximately zero. Fig. 5 shows the shape of the ac mains voltage and current and Fig. 6 order harmonics. Fig. 10 shows the current that appears with a good sinusoidal shape and in phase with the grid voltage. This figure also shows the values of each semi-bus of the active filter dc bus. As it can be seen in Fig. II the THD of the current is very low (0.6 %) and the power factor is 1.
This subsection presents some results of the no load operation of the active filter. Fig. 8 1) the full nonlinear load is applied to the network with the active filter in operation (Fig. 12); 2) the full nonlinear load is disconnected from the ac mains with the active filter in operation (Fig. 13) .
In each case, the overshoot in the dc bus voltage is almost imperceptible. Therefore, there is no problem with the maximum load variations expected in the system. created passing the output of the voltage controller through an AM modulator that uses as a carrier a filtered version of the network voltage. Both, the current and the outer controllers are based on the combination effect of a feedforward and a feedback control law. This combination allows to obtain almost perfect response both in transient and steady-state operation. As a conclusion the proposed control scheme constitutes a step forward in the active filter control. Both the transient and steady-state behaviour are very good in the network current shape and the active filter semi-bus dc voltages.
